Sector of animal production is growing strongly in Poland within last years. This concerns especially poultry sector (first position in Europe with more than 900 million animals per year) bit also swine and cattle. This sector generates dynamic growth of meat export. However, this sector is responsible also for large scale production of slaughter waste which very often creates problem with its proper management and recycling. This paper describes the possibility of the energetic usage of slaughter waste as the substrate for biogas production. The biogas efficiency analysis of different waste like: waste category II, blood, feathers, soft waste category III and solid waste category III have shown its good usefulness for methane production. The calculations showed the energetic potential for analyzed slaughter house as 700 kWe.
INTRODUCTION
The most important factor determining the profitability of the agricultural biogas plant is type of the substrate used (except for technology used) (Ward et al., 2008) . Maize silage, supplemented with animal excrements, predominates among the substrates in the whole Europe (Naik et al., 2010; Herrmann et al., 2015) . These substrates can be used in the most common German technology NaWaRo spread on the continent (Dach et al., 2014) . As a result of very low subsidies for energy produced from biogas in 2012 -2016 (Wędzik at al., 2017 , new and innovative technologies have emerged in Poland as a global vanguard in the field of highly efficient biogas waste treatment. Production results of installation in Międzyrzec Podlaski, Jaromierz or Upałty reach 8500 MWh from 1 MW of installed electrical power, which gives the efficiency at the level of 97%. As these biogas plants primarily use organic waste, it is evident that biogas plants primarily should use for fermentation processes the waste biomass and dispose animal waste.
In the meantime, in Poland, the use of slaughterhouse waste and carcase in biogas plants is almost completely ignored. Although research conducted at the Laboratory of Ecotechnologies in the Institute of Biosystems Engineering (Poznan University of Life Sciences, PULS) proves that these are very promising substrates, however, investors are afraid of this kind of waste (Cieślik et al., 2016b) , Czekała et al., 2015) . This is due to the fact that not every technology is able to efficiently digest all parts of the animal's body or carcass. It should be highlighted, that among the substrates used for the production of agricultural biogas, among the slaughterhouse waste there is a distinction i.e. fat issue, stomach contents, flea fats, feathers, blood or skin -and sometimes sediment from the sewage treatment plant and often slurry. The usefulness of the discussed substrates for fermentation is mainly related to the high content of fats and proteins, which is usually very high.
The slaughterhouse waste materials are strongly differentiated both physically, chemically and microbiologically and therefore should be used in installations dedicated to the processing of a wide range of waste, such as ProBioGas technology from Bio Power company from Międzyrzec Podlaski or Dynamic Biogas from Poznań. However, it is important to remember that in any technology it is necessary to subject the waste to thermal treatment before being dumped into the fermentation chamber.
An additional advantage in the waste disposal in the biogas plant is, on the one hand, an answer to the waste and environmental problems for the plant, and a significant reduction of odors generated by the stored and disposed waste (Czekała et al., 2016a) . Composting is another type of organic waste management (Wolna-Maruwka and Czekała, 2007) . The process allows recycling of waste and the final product of the process is valuable fertilizercompost (Białobrzewski et al., 2015; Waszkielis et al., 2013) . Moreover, it is important to implement problematic waste for electricity and heat production and to ensure the energy self-sufficiency for the slaughterhouse. It should be remembered, that the acceptance of post-mortem residues in the biogas plant, still continues to preserve the status of an agricultural installation (of course, once the relevant requirements have been met). European Union legislation divides slaughter waste into three categories. In the biogas plants, after prior pre-treatment, only waste materials that are classified as category II (e.g. digestive tract) and category III (e.g. inedible parts of animals) can be used.
Meat production is characterized by considerable variation in the processes and the technologies used. Very often, different types of slaughterhouse waste can occur in different plants from the same animals. The best example are fatty and flotation deposits, where the content of dry matter and hence the productivity of methane can vary significantly between slaughterhouses.
The use of slaughterhouse waste, as a biogas substrate, makes it easy to improve the economic efficiency of the installation. The purchase cost is small (0-50 PLN/Mg), compared to the popularly used in the methane fermentation maize silage (100-130 PLN/Mg). Moreover, in some cases, it is possible to get extra revenue for the management of this kind of waste. Another benefit may be the sale of post-fermentation, which is a valuable fertilizer (Czekała et al., 2017; Czekała et al., 2016b) .
The aim of this paper is to analyze an energetic usage of slaughter waste as the substrate for biogas production based on study-case of middle size meat factory in South-West Poland. The investor is going to build biogas plant connected with the poultry slaughter house in order to reduce the problems related to waste management, as well as increase the economic balance of the company.
MATERIALS AND METHODS
For the analysis, the waste substrates from the poultry slaughterhouse were taken directly from the slaughter plant and after cooling, were transported immediately to the Laboratory of Ecotechnology for basic analysis and determination of the biogas efficiency. The following types of waste were collected:
• waste category II; • blood;
• feathers; • soft waste category III; • solid waste category III.
The fermentation inoculum used to verify the biogas efficiency of the substrates was obtained by separating the fraction of liquid fermentation pulp from a functioning agricultural biogas plant.
The dry mass (PN-75 C-04616/01) and dry organic mass (PN-Z-15011-3) were tested to determine the appropriate ratio between the tested substrate and the inoculum (WolnaMaruwka, 2012). These parameters were also necessary to calculate the biogas efficiency The research experiments were carried out in the reactors with capacity of 2 dm 3 in 39°C ± 1 water bath (mesophilic fermentation), which are part of the 21-reactor research stations constructed in the Laboratory of Ecotechnology (Fig.1) . The qualitative and quantitative analysis of the produced gases (CH4, CO2, NH3, O2, H2S) was performed every day using the Geotech GA5000 gas analyzer (Cieślik et al., 2016) . The energetic calculations were made according to the methodology created by the Institute of Biosystems Engineering, in close co-operation with the enterprises from Polish biogas sector (Cieślik et al., 2016) .
RESULTS

Physical and biogas analysis
The results of the analysis of basic physical parameters of waste used as substrates are presented in Table 1 As it can be noticed in Table 2 , excluding Category II waste and Category III hard waste, other waste materials are characterized by very high organic matter content. Category III wastes, on the other hand, have high dry matter content, which is advantageous for their use in methane fermentation.
However, the results of methane efficiency tests ( Table 2) showed, that the highest efficiency of CH4 production was noticed in case of Category II waste (406.57 m 3 /Mg), where dry matter content was more than half that of Category III waste. As a result of mesophilic fermentation of slaughterhouse waste, calculated as 1 Mg of fresh matter, most of biogas was obtained from waste category I, nearly 590 m 3 , whereas least methane was obtained from fermentation of feathers as only about 21.5 m 3 . All waste materials were characterized by an average methane content of about 70%. This is a very high result, by almost 20 percentage points higher than the methane content of the typical biogas produced from silage (methane content of 48-53%). On this basis, it should be emphasized that slaughter waste is much more energetic substrate than typical plant products used to supply biogas plants. It is also important to emphasize that the use of slaughterhouse waste to supply agricultural biogas plant enables it to continue to retain agricultural status, which means higher level of subsidy for energy produced compared to municipal waste treatment facilities and also facilitates (from a legal point of view) the use of post-fermentation as fertilizer agricultural. In total, during the year, the average poultry slaughter plant produces over 9100 Mg of waste. From this mass, it can be produced more than 1.5 million m 3 of methane. By burning this volume of methane with the efficiency of the cogeneration unit 43% we can produce over 6000 MWh electricity.
Energetic analysis
Assuming the operating time of the cogeneration unit at the level of 8600h per year, the planned biogas plant will have an electrical power of 0.7 MW.
CONCLUSIONS
1. The slaughterhouse waste (especially category II) is an energy waste that is suitable for use in agricultural biogas.
